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[57] ABSTRACT 

There is provided a novel and improved image pickup 
apparatus which can be reduced in size and low power 
consumption because of its reduced circuit scale and in 
which no degradation of image quality occurs at the switch- 
ing points between a plurality of functions. Such an image 
pickup apparatus comprises a non-linear circuit for perform- 
ing non-linear correction of a digitized video signal, and the 
non-linear circuit includes a multiplier having an input 
terminal formed by input bits the number of which is n lf n lf 
being selected to meet a relationship of r^^, where 113 
represents the number of input bits of the non-linear circuit. 
Hie non-linear circuit also has predetermined input ranges 
R f each of which is selected to be R / ^2 Ml -l, and is formed 
by a combination of characteristics of the respective prede- 
termined input ranges R ; . 
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IMAGE PICKUP APPARATUS HAVING 
COMPUTATIONAL GAMMA CORRECTION 
FACILITY 

This is a divisional application under 37 CFR 1.62 of 5 
prior application Ser. No, 08/174,124, filed Dec. 23,1993 
now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 
The present invention relates generally to an image 

pickup apparatus and, more particularly, to an image pickup 
apparatus capable of varying its gamma correction charac- 
teristic by using digital signal processing. 15 

2. Description of the Related Art 

With the recent advancement of electronic technology, 
image pickup apparatus are being reduced in size and 
weight. In such a situation, with the advancement of semi- 
conductor technology, high-speed analog-to-digital convert- 20 
ers (hereinafter referred to as "A/D converters)") and 
high-speed digital-to-analog converters (hereinafter referred 
to as a D/A converters)") have been put into practice. It is 
also proposed to provide a system for performing digital 
signal processing of digitized video signals by using an A/D 25 
converter and a D/A converter. Such a system is generally 
arranged to perform A/D conversion of a picked-up image 
signal, perform signal processing, such as filter processing, 
color separation, gamma processing, knee processing and 
matrix processing, by means of digital processing, perform 30 
D/A conversion of the digitally processed signal, and output 
the obtained analog signal. 

In another system, an picked-up image signal is converted 
from analog to digital (A/D), and digital techniques are used 
to perform processing, such as clipping, gamma correction, 35 
filter processing, addition of a sync signal, detection of a 
sync signal and matrix processing, thereby generating a 
television digital signal. The television digital signal is 
converted from digital to analog (D/A) and the analog video 
signal is outputted. There is yet another system in which a 40 
television signal is outputted as a digital video signal. 

In such a conventional example, a ROM table is used as 
a non-linear circuit, such as a gamma correction circuit or a 
knee circuit. The ROM table utilizes a ROM in which 
predetermined input-output characteristics are written. 45 

In the image pickup apparatus using the conventionally 
proposed digital signal processing, a read-only memory 
(ROM) is employed to form, for example, a gamma circuit. 
Since the use of this read-only memory involves an increase 5Q 
in the circuit scale of the apparatus, it has been impossible 
to reduce the cost required to integrate all signal processing 
circuits into a single integrated circuit 

Also, the power consumption of ROMs is large, and if a 
ROM is to be formed as part of an integrated circuit, the 55 
ROM will need a large chip area. For this reason, it is 
difficult to form a ROM as a highly integrated circuit, so that 
it is difficult to realize an image pickup apparatus of small 
size and light weight. 

In addition, there is the problem that an extremely large go 
ROM is needed for widening an input dynamic range or 
realizing a finer characteristic curve. 

As is known, it is occasionally necessary to finely adjust 
a non-linear characteristic curve in accordance with the kind 
or conditions of a subject to be photographed. For example, 65 
if a subject is to be photographed under low S/N conditions 
when it is dark, it is desirable to make the non-linear 


2 

characteristic closer to a straight line since an increase in 
noise in a dark portion can be suppressed. If a subject of high 
contrast is to be photographed, for example, outdoors, it is 
desirable to decrease, particularly, the inclination of a high- 
himinance portion of the non-linear characteristic since it is 
possible to reduce a gradational deterioration due to the 
saturation of the high-luminance portion. 

However, in the conventional systems, since an extremely 
large ROM is needed, it has been substantially impossible to 
realize such a fine adjustment. 

Further, in the image pickup apparatus employing the 
conventionally proposed digital signal processing, since a 
circuit conventionally used in analog systems is merely 
replaced with a circuit for digital systems, the circuit scale 
is large and a large current consumption occurs. This large 
circuit scale makes it impossible to integrate all signal 
processing circuits into a single integrated circuit or to 
reduce the required cost. Particularly in a conventional type 
of non-linear circuit, such as a gamma correction circuit, 
since an arrangement using a ROM is adopted, an extremely 
large circuit scale is needed. 

The above-described types of image pickup apparatus 
have a further problem. If an analog system is replaced with 
a digital system having a variable characteristic, the circuit 
scale will increase to an impractical extent. This excessive 
increase of the circuit scale will also make it difficult to 
realize a satisfactory characteristic by means of a simple 
system. Ibis leads to the problem that it is impossible to 
attain an appropriate setting according to the state of pho- 
tography or the conditions of a subject to be photographed. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to solve 
the above-described problems. 

Another object of the present invention is to provide a 
novel and improved image pickup apparatus which can be 
reduced in size and low power consumption because of its 
reduced circuit scale and in which no degradation of image 
quality occurs at the switching points between individual 
fiinctions. 

To achieve the above-described objects, according to one 
aspect of the present invention, there is provided an image 
pickup apparatus which comprises a non-linear circuit for 
performing non-linear correction of a digitized video signal. 
The non-linear circuit includes a multiplier having an input 
terminal formed by input bits the number of which is n lt and 
n x is selected to meet a relationship of n 3 >n 3 , where n 3 
represents the number of input bits of the non-linear circuit. 
Hie non-linear circuit also has predetermined input ranges 
R 4 - each of which is selected to be R, =2" 1 -1, and is formed 
by a combination of characteristics of the respective prede- 
termined input ranges R,, 

According to another aspect of the present invention, 
there is provided an image pickup apparatus which com- 
prises a non-linear circuit for performing non-linear correc- 
tion of a digitized video signal, the non-linear circuit includ- 
ing a function circuit capable of varying a non-linear 
characteristic, and detecting means for detecting a level in an 
picked-up image signal. 

According to another aspect of the present invention, 
there is provided an image pickup apparatus arranged to 
convert a picked-up image signal from analog to digital and 
perform signal processing in a digital manner. The apparatus 
comprises a gamma circuit having a gamma region in which 
a gamma characteristic is obtained by adding together a 
straight line passing through an origin and a first curve and 
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a region other than the gamma region in which a predeter- FIGS. 7(a) and 7(b) are explanatory views showing the 

mined characteristic is obtained by adding together a pre- operation of the second embodiment shown in FIG. 5; 

determined value and a second curve. fiq g jg a flowchart showing the operation of the second 

According to another aspect of the present invention, embodiment shown in FIG. 5; 

there is provided an image pickup apparatus which com- 5 FIG 9 ^ a block diagram schematically showing a third 

prises a non-linear correction circuit of a type which is embodiment of the image pickup apparatus according to the 

arranged to obtain a non-linear correction characteristic by present invention- 

switching of a plurality of functions, and the non-linear mQ 1Q fe ^ ^ h view showin me tion of 

correction characteristic is varied by varying constant terms ±e thkd embodiment ^4 m na 9; 

contained in the respective plurality of functions. 10 

A * * *u . * FIG. U is a detailed block diagram of the gamma circuit 

According to another aspect of the present invention, snown m pj(3 9. 

there is provided an image pickup apparatus which com- * ' 

prises an amplifier for amplifying an output signal of an nGS - U ( a )> ^i b ) ^ u ( c ) m explanatory views 

image sensor, the amplifier having a gain which is variable, showing the operation of the third embodiment shown in 

a first adder for adding a first value to a digital picked-up 15 FIG - 11; 

image signal obtained by analog to digital conversion of an FIG. 13 is a detailed block diagram of the function circuit 

output signal of the amplifier, a non-linear correction circuit shown in FIG. 11; 

for performing non-linear correction of an output signal of FIG. 14 is an explanatory view showing the operation of 
the first adder, a second adder for adding a second value to the function circuit shown in FIG. 13; 
an output signal of the non-linear correction circuit, a 20 fj G 15 & a block diagram schematically showing a 
multiplier for multiplying an output signal of the second fourth embodiment of the image pickup apparatus according 
adder by a third value, and a switch for generating a control to mc prcscnt invention- 
signal S for controlling the gain of the amplifier, the first nG lfi fc a ^ di showin Qne ex le 
value, the second value and the third value. A characteristic of me ma 00^^ circuit used in the fourth embodi- 
of the non-linear correction is varied by varying the gain of ^ ment snown m pjQ 15. 

the amplifier, the first value, the second value and the third >. ' j +1, \ t 

yalue Y FIGS. 17(a), 17(b) and 17(c) are explanatory views 

* , <. t showing the operation of the gamma circuit shown in FIG. 
According to one embodiment of the present invention, 

there is provided an image pickup apparatus which includes ,„ ' - - „ . „ , ^ , ^. - 

a non-linear circuit using a mukiplier The non-linear circuit 30 ™: 18 15 f , flow ^ rt f *™*S 

is formed by a combination of the characteristics of the m th f ^ ^odiment; 

respective predetermined input ranges R, each of which is 19 18 a detailed block diagram showing another 

selected to meet n 3 > ni and R^rM, where n 3 represents example of the gamma correction circuit; 

the number of input bits of the non-linear circuit and n x FIG. 20 is a block diagram schematically showing a fifth 

represents the number of input bits which form one input 35 embodiment of the image pickup apparatus according to the 

side of the multiplier. With this arrangement, since it is present invention; and 

possible to realize a non-linear circuit without using a ROM, FIGS. 21(a) and 21(b) are explanatory views showing the 

it is possible to achieve a reduced circuit scale, a cost operation of the fifth embodiment shown in FIG. 20. 

reduction, a reduction in power consumption and a reduction fictatt cr> nccru tdtiam tuc 

in the entire size of the apparatus. 40 DETAILED DESCRIPTION OF THE 

. .u w -r . * .u ♦ PREFERRED EMBODIMENTS 

According to another embodiment of the present ^ 

invention, a non-linear circuit used in an image pickup Preferred embodiments of the present invention will be 

apparatus varies a non-linear characteristic by varying con- described below with reference to the accompanying draw- 

stants contained in individual function circuits in accordance 45 ings. ^ 

with a level detected by detecting means. FIG. 1 is a functional block diagram schematically show- 

The above and other objects, features and advantages of ing a first embodiment of an image pickup apparatus accord- 

the present invention will become apparent from the fol- ing to the present invention. The arrangement shown in FIG. 

lowing detailed description of preferred embodiments of the 1 includes a CCD 1 which serves as an image sensor and has 

present invention, taken in conjunction with the accompa- 50 a color separating filter, a sample-and-bold circuit (S/H) 2 ~ 

nying drawings. for converting the output signal of the CCD 1 into a" 

BRIEF DESCRIPTION OF THE DRAWINGS " >atinu ° u ? ^° mav f er 3for «>™f°S 

the output signal of the sample-and-hold circuit 2 into a 

FIG. 1 is a functional block diagram schematically show- digi(al sigaal? ^ a i 0W -pass filter (LPF) 4 for allowing the 

ing a first embodiment of an-image pickup apparatus accord- 5S passage of only the luminance signal of a picked-up image 

ing to the present invention; signal. 

FIG. 2 is a block diagram showing in detail the gamma The shown arrangement also includes a gamma circuit 5 

circuit shown in FIG. 1; which is one example of a non-linear circuit, a delay circuit 

FIGS. 3(a) and 3(b) are explanatory views showing the $ for delaying the luminance signal by a rjredetermined time 

operation of the first embodiment shown in FIG. 1; ^ period based on a color signal which will be described later, 

FIG. 4 is a block diagram showing another arrangement a sync signal adder 7, a D/A converter (DAC) 8, and a 

example of the gamma circuit shown in FIG. 1; luminance signal (Y) output terminal 9. 

FIG. 5 is a functional block diagram schematically show- The shown arrangement further includes a color separat- 
ing a second embodiment of the image pickup apparatus ing circuit 10 for separating color signals from the picked-up 
according to the present invention; 65 image signal, a multiplier 11 for performing white balance 

FIG. 6 is a block diagram showing in detail the gamma adjustment, a coefficient multiplier 12 for outputting a 

circuit shown in FIG. 5; coefficient for use in white balance adjustment, a gamma 
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. circuit .13, a color-difference matrix- 14 for forming color- multiplied by the coefficient "b? which tis generated by the i 
difference signals, a modulator 15 for modulating the color- decoder 206 in accordance with the detection signal S^. The 
difference signals by using a chrominance subcarrier, a burst signal outputted from the coefficient multiplier 205 is sub- 
signal adder 16, a D/A converter (DAC) 17, and a chromi- tracted by the subtracter 207 from the constant "c" which is 
nance signal (C) output terminal 18. 5 similarly generated by the decoder 208, and the obtained 

In operation, a subject image (not shown) which has been difference signal is applied to the other input terminal of the 

formed on the CCD 1 by an optical system (not shown) is multiplier 209. The output signal of the multiplier 209 is 

subjected to color separation, followed by photo-electric inputted to the coefficient multiplier 210, in which the input 

conversion, by the CCD 1. The electrical signal outputted signal is multiplied by the coefficient "d" which is generated 

from the CCD 1 is converted into a continuous signal by the 10 by toe decoder 211. The output signal of the coefficient 

sample-and-hold circuit 2, and the continuous signal is multiplier 210 is inputted to the adder 212, in which the 

converted from analog to digital by the A/D converter 3. The input signal is added to the constant "e w which is generated 

digitized signal is inputted to the low-pass filter 4 and a by the decoder 213. Trie resultant signal is outputted through 

luminance signal Y is taken out from the digitized signal by ^e output terminal 214 to the aforementioned circuit pro- 

the low-pass filter 4. The luminance signal Y is gamma- 15 vided at the next stage. v 

corrected by the gamma circuit 5. Then, after the gamma- FIGS. 3(a) and 3(6) are explanatory views of the gamma 

corrected luminance signal Y is delayed by a predetermined circuit 5 (or 13) shown in FIG. 2. In FIG. 3(a), the horizontal 

amount by the delay circuit 6, a sync signal is added to the axis represents the input of the gamma circuit, while the 

delayed signal by the sync signal adder 7. Hie output signal vertical axis represents the output of the gamma circuit. If 

of the sync signal adder 7 is converted into an analog signal 20 the number of bits of an input signal which is inputted to the 

by the D/A converter 8, and the analog signal is outputted gamma circuit is n^ the values of the input range from 0 to 

through the Y output terminal 9 to external equipment (not 2 n3 -l. It is assumed here that the range of this input is 

shown), such as a television set or a video tape recorder divided into k ranges (k-5 in FIG. 3(a)) which are indicated 

(VTR). by Rj, Rj, . . . , respectively. The maximum value of each 

TTte output signal of the A/D converter 3 is also separated 25 of me tsmges K lt . . . , R s is set to a value smaller than 

into primary color signals R, G and B by the color separating ( D i represents the numberof bits of either input of the 

circuit 10. The multiplier 11 multiplies each of the primary multiplier 209 shown in FIG. 2). 

color signals R, G and B by the coefficient set by the For example, if o 3 is 10, the input values range from 0 to 

coefficient multiplier 12, thereby performing white balance 1023. By dividing this range into five ranges, as shown in 

adjustment for adjusting the level of each of the primary 30 FIG. 3(a), and setting the maximum value of each of these 

color signals R, G and B. The output signal of the multiplier five ranges to a value smaller than 255, a^S can be 

11 is gamma-corrected by the gamma circuit 13, and the obtained. In FIG. 3(a), a 2 to a 5 indicate the input values at 

output signal of the gamma circuit 13 is formed into color- the starting points of the respective ranges, while e 2 to e 5 

difference signals by the color-difference matrix 14. The indicate the corresponding output values, respectively. A 

modulator 15 quadrature-modulates the color-difference sig- 35 single range R, selected from the five ranges is shown in 

nals by using a chrominance subcarrier. The quadrature- FIG. 3(b). 

modulated output signal of the modulator 15 is inputted to Since the curve y^shown in FIG. 3(b) has an upward 

the burst signal adder 16, in which a color burst signal is convex form and passes through the origin (a,, e f ), the curve 

added to the input signal. The output signal of the burst y. can be approximated by the following quadratic function: 

signal adder 16 is converted into an analog signal by the D/A 40 , ^ w JT1 

converter 17, and the analog signal is outputted through the (y r ^,C™^™<) ^ and B^^muncd constants) 

C output terminal 18 similarly to the Y signal. (^^-(r-aXA/x-a^,} 

FIG. 2 is a detailed block diagram of each of the gamma y^x-a^A^ipc-a^B^t (l) 

circuits 5 and 13 used in the embodiment shown in FIG. 1. A . _ _ . , _ . _ . 

The arrangement shown in FIG. 2 includes an input terminal 45 B * *»m the values of a,, o„ A, and B, in accordance with 

201, a comparator 202 for comparing an input signal with a f«* ""f of ™ ^ £ » P°, sslble !° f ahze me charac - 

pluraUtyofpredetenntoedvduesa^detecting^ichrange ter^c shown m FIG. 3(a). If an actual gamma curve is 

corresponds to the range of the input signal, subtracters 203 approximated by Equation 1, the values of A, and B f become 

and 207, and decoders 204, 206, 208, 211 and 213 for _ extremely smaU (approximately 2 to 2 ), so dial the 

generattog predetermined constants "a", -V and V as well 50 calculation performed by the multiplier 209 resulte m a 

as predetermined coefficients "b" and "d" in accordance m ^ "unber of ^gnificanj tbite. For this reason, A, 

with a selecting signal, respectively. The arrangement also and J ^ ™ ch by Vd^l), and since , A, tates 

includescoefficient multipliers 205 and 210, a multiplied Wvevahies for a line of upward convex form, b^-A/d, 

of n, bitsxn, bits, an adder 212, and an output terminal 214. „ and "'.substituted into Equation 1, the following 

55 equation is ob tamed: 

In operation, a signal which has been inputted through the 

input terminal 201 is supplied to the comparator 202, in >r(*-aM-M*-«iWx<*/+*/ (2) 

which it is detected which part of a predetermined range A 5ased on Equation 2 is shown in FIG. 2. - 

corresponds to the range of the input signal, and a detection The manner of finding A, and B, at this time is as follows, 

signal S D is outputted from the comparator 202. 60 u tbc rangcs R^ R^, . . . , R 5 shown in FIG. 3(a) are not 

The input signal is also supplied to the sub tractor 203, in continuously or smoothly connected from range to range at 

which the input signal is subtracted from the constant "a" the respective dividing points (a,-, e,-), a pseudo-contour will 

which is generated by and outputted from the decoder 204 occur in the picture. Therefore, 

in accordance with the detection signal Sr>. The obtained , x , v . . 

dito signal is applied to one input terminal of the 65 Jtf^-OO <<~* 

multiplier 209. The difference signal is also supplied to the from this continuity condition, the following equation is 

coefficient multiplier 205, in which the difference signal is obtained: 
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a M 3 +^wti u. • .t -?.. : ..>' • ■• * ■* . *. (3) • microcomputer 39 is connected to the gamma circuit 34 so 

that a set value can be written into the gamma circuit 34. 

an ^ FIG. 6 is a detailed block diagram of the gamma circuit 

34 shown in FIG. 5. The arrangement shown in FIG. 6 
*X«*i>*«ifo«) (smoothness condition) ^ ^totes a signal ^ lerm inal 41, subtractors 42 and 47, 

from this smoothness condition, the following equation is Coders 43 and 52 for generating predetermined 

obtained* coefficients, multipliers 44 and 50, switches 45, 48 and 54, 

and registers 46, 49 and 55 into which to write a set value 

2Afi t ^B r B M (4) fr° m tne microcomputer 39. The arrangement also includes 

' +1 1(J a coefficient multiplier 51, an adder 53, an output terminal 

Bo takes a value of the order of 3-4 since Bq indicates a 56, a comparator 57 for comparing an input signal with a 

gain in the neighborhood of x=0. In this case, Aq is found so plurality of predetermined values and outputting a detection 

as to match a gamma characteristic. Subsequently, A,- and B ( . signal S D which indicates the range of the input signal, and 

are found on the basis of Equations 3 and 4 as well as the a setting signal input terminal 58. 

condition of the gamma characteristic, and d,- is found so as 1° operation, an input signal which has been inputted 

to match the range of the mulupber 209. Then, b ; and c ( are 1 through the signal input terminal 41 is supplied to the 

found. subtracter 42. In the subtracter 42, a constant "a" which is 

It is preferable to construct the coefficient multipliers 205 generated by the decoder 43 in accordance with the detec- 

and 210 by using a shift computation and an addition for the non signal is subtracted from the input signal. Then, the 

sake of simplification of their respective circuit arrange- , n obtained difference signal is supplied to the multiplier 44, in 

ments. which it is multiplied by a value "b" outputted from the 

Since d, is used for adjusting the range of the multiplier switch 45 which is arranged to select any one of predeter- 

209, it is possible to realize d / by using only a shift mined values 0, b 1 and a value b 2 of the register 46 in 

computation under the following condition: accordance with the detection signal and output the 

selected value as the value "b". The output signal of the 

4-2-" (P,:natuial number) 25 multiplier 44 is supplied to the subtracter 47, in which the 

... . i_ * t*£t j i_ i signal is subtracted from a value "c" outputted from the 

Also, the gamma amut can be sunphfied by selecting a, ^ ^ whkh fa ed , 0 Mlect £ ne of 

within a range of not greater than 1M so that b, can be ^ vaJues ^ vjdue of m<J 4J> fa 

reatod by using only a shift computation if possibk accordance with the detection signal S D and Output the 

FIG. 4 shows another example 0 £t^ e arrangement of the 30 va j ue ^ ^ va i ue "g". 

gamma <arcuit 5 (o, i3) shown in FIG. 1. In this example, ^ ^ ^ of the subtracter 47 is multiplied by the 

Equation 2 is modified into the followmg equations: output ^ ^ 42 m th e mu itiplier 50, and, 

fro^t^i (5) m tne coefficient multiplier 51, the output signal of the 

multiplier 50 is multiplied by a value "d" which is generated 

yrfy-adxirb/c+ftxdf+et (6) 35 by the decoder 52 in accordance with the detection signal 

, , . r t rc • -a- * . S„. Then, in the adder 53, the output signal of the coefficient 

and the input of the coefficient mulUpher 205 ,s connected ^lipter 31 ^ Mtd to a value « e » which fc outputted from 

tome^utten^l201Jheoms^^ ^ ^ which ^ ed fc mjket OQe of 

the subtracter 207 is f which ^represented by Equation 5. predetennined values e ^ ^ a value e of ^ register 55 

A second embodiment of fce image pwkup apparatus 40 ? accordance ^ signal | e ^ ou £ u , the 

according to the present mvenuon will be described below value ^ ^ ^ „ e „ ^ ^ ^ of ^ 

wim reierence to *kj*. s to s. adder 53 ^ outputted to the adder 35 of FIG. 5 through the 

The arrangement shown in FIG. 5 includes the CCD 1 „, . • , «, 

... 0 . ., . . . . . output terminal So. 

which serves as an image *nsor the sample-and-hold ^ e m t ^ which bas ^ , tted mrou ^ , he 

cucuit (S/H) 2, the converter (ADC) 3 a gamma circui 45 sj t ^ 41 ^ ^ h J ta ^ mtt ^ Mot 

34, an adder 35, a D/A converter (DAQ 36, an outout s *" m ^ me m si ^ fe ^ ^ ^ me 

terrmnal 37, a peak detector 38 and a microcomputer 39 Qf edc1em ^ ed ^ves Tbc comparator 57 generates the 

Ir. operation, a subject image (not shown)is formed on the det ^ tion ^ g and ^ ft to each m ^ above . 

photoelectric conversion surface of the CCD 1 by a photo- , *u j 

i * /■ . L x j • t_ * i * • « described manner, 
graphic opucal system ^notshown), .and ^ isphotoelectncaHy 50 ^ valu6s ^ fc ^ microcom ter 39 ^ 

converted into a picke^up mage signal. The pickup-image ^ ^ 0,/^,^ 45, 49^ 55 by a 

s^nal outputted from the CCD 1 » converted into a con- ^ ^ which ^ ^ ^ 

tinuous signal by the sample-and-hold circuit .2 and the signa f ten ninal 58. 

continuous signal lis converted into a digital s^ud i by the * 7(a) and %V) are exp^ato,, views of ffie opera . 

A^) converter 3. The digiul signal outputted from the AjD 55 tion of emoodimen P ,. rg. ^ (fl) shows ^ i^ ut . 

converter 3 is gamma-corrected by the gamma circuit 34. characteristic of the gamma circuit 34. The valu« of 

The gamma-corrected signal * apphed to the adder 35^ in ^ ^ ^ ta o to x mI while the values of the 
which a ^sync signal SYNC is l added to tin gamma-corrected outpu f ^ge from 0 to y„. These ranges are each 
signal The output signal of the adder 35 * converted from ^ mrec R (Q ^ ( ^ ^ ^ 

d^ital to analog by the D/A converter 3fi and the analog 60 ( ^ ^ » c^tcri^'islp^^ed by l 
s«nal is outputted via the output terminal 37 to external adratic fo^j^ m mc range R by a 

equipment (not shown) as a composUe telev K ,on signaL ^ ^ c ^ ^ flnd b a 

The output signal of the AD converter 3 ,s also supphed ^ ^ B * and ' m 

to the peak detector 38, m which its peak level during one expressed & foUows- 
vertical period is detected. The peak detector 38 is connected 65 

to the microcomputer 39 so that the value of the detected yi- xx l b i x+c i) (7) 

peak level can be read out by the microcomputer 39. The y i -(x-ajx(bjx-ajH^*c I (8) 
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M..y3-(*r%)xc3+* 3 ., -x us .. : • , ■ . , . -: (9) * , between maximum and minimum valuesrand obtain contrast 

information so that the gamma characteristic can be varied. 
To connect the functions Y 1 and Y 2 continuously and Otherwise, it is also possible to employ information on the 
smoothly from range to range in FIG. 7(a), the following degree of opening of a diaphragm, the difference between 
equations are obtained: 5 me maximum and minimum values of the values obtained 

from (a} (a) ^ v dividing one picture into n areas and individually inte- 

m J**™^™ grating the n areas, or white balance information. 

fl2 2 *i+«2Ci-*2 (10) PIG. 9 is a schematic block diagram showing a third 

embodiment of the image pickup apparatus according to the 
from y t Xaj*yj{a£ 10 present invention. 

The arrangement shown in FIG. 9 includes a CCD 301 
2*2^+^2 (ii) which serves as an image sensor, a sample-and-hold circuit 

Similarly, in the case of the functions y a and y 3> 302 . for averting the output signal of the CCD 301 into a 

J continuous signal, an A/D converter 303, a low-pass filter 

from y z (aj-yi{a 3 ) 15 ^04, a gamma circuit 305 having characteristic varying 

terminals and capable of varying its characteristic, an adder 

(as-^Vfo-*^-^ ( 32 ) 306, a D/A converter 307, and an output terminal 308. 

The low-pass filter 304, the gamma circuit 305 and the 

from feX*3>?3 M adder 306 are each formed by a digital circuit, 

^oa-a^+cz-** ( 13 ) 20 In operation, a subject image (not shown) is formed on the 

3 photoelectric conversion surface of the CCD 301 by a 

To satisfy Equations 10 and 11, Cj and e 2 are fixed values. photographic optical system (not shown), and is photoelec- 

At this time, by ma king bj variable, the value of y 2 (aa) can trically converted into a video signal. The video signal is 

be varied. It can also be seen from Equations 12 and 13 that converted into a continuous signal by the sample-and-hold 

if y 2 is determined, y 3 is primarily determined. 25 circuit 302, and the continuous signal is converted into a 

Accordingly, to vary the gamma characteristic as shown digital video signal by the A/D converter 303. The digital 

by and ^ in FIG. 7(a), it is only necessary to find the signal is limited to a necessary band by the low-pass filter 

corresponding and c, from Equations 12 and 13 while 304. The output signal of the low-pass filter 304 is supplied 

using b 2 as a parameter. to the gamma circuit 305, in which the signal is subjected to 

FIG. 7(b) is a graphic representation showing how b 2 is 30 gamma correction of characteristic according to coefficients 

made to vary in accordance with a detected peak level as Kl and K2 inputted to the two characteristic varying tenni- 

well as how C3 and e 3 vary with the variation of b 2 . In FIG. nals of the gamma circuit 305. The output signal of the 

7(b), since b 2 takes a negative value, b 2 indicates -b 2 . If the gamma circuit 305 is supplied to the adder 306, in which a 

peak level is lower than a predetermined value P lf -b 2 is set sync signal is added to the signal Tne output signal of the 

to a predetermined value. If the peak level exceeds P 1? -b 2 35 adder 306 is converted into an analog signal by the D/A 

gradually increases with the increase of P lv and if the peak converter 307, and the analog signal is outputted via the 

level is not lower than Pj, -b 2 is set to another predeter- output terminal 308 to external equipment (not shown) such 

mined value. If -b 2 increases excessively, the inclination of as a VTR or a television set. 

y 2 becomes negative midway. For this reason, -b 2 is not FIG. 10 is an explanatory view of the operation of the 

increased if the peak level is not lower than P 2 . 40 gamma circuit 305 shown in FIG. 9. In FIG. 10, the 

As can be seen from Equations 12 and 13, C3 and e 3 vary horizontal axis x and the vertical axis y represent the input 

with the variation of the value of b 2 as shown in FIG. 7(b). and the output of the gamma circuit 305, respectively. 

In an actual circuit, the number of significant digits The value of an output y x indicates a 100% white level, 

decreases due to a cancellation of significant digits in the and the signal level outputted from the output terminal 308 

multiplier 50. Therefore, b £ and c f are each multiplied by 1/6 45 at this time becomes the reference white level of a television 

(d<l), and the polarity of b, is reversed because of its signal. 

negative polarity to obtain the following equations: The value of an output y 2 indicates a white clip level, and 

the signal level outputted from the output terminal 308 at 

y tr xx(-b l x+c^)xd i this time becomes the white clip level of a television signal. 

50 Xj and Xa are inputs corresponding to y x and respec- 

y^r(x-a^x(-b 7 x-^ 7 )xd r ^ 2 tively ^ and ^ norma u y indicate the standard output level 

>3-c3(r-aj>c4,4e3 and tDe saturation output level of the CCD 301 , respectively, 

and X2-2X! to 5x r In FIG. 10, x 2 -2x 2 by way of explana- 

F1G. 8 is a flowchart showing the operation of the tion. In general, the range between 0 and x 3 is called a 

microcomputer 39 used in the second embodiment. 55 gamma region, while the range between x 1 and x 2 is called 

The flow starts in Step 101. In Step 102, the flow waits a knee region, 

until a vertical sync pulse VD is inputted. If the vertical sync If the coefficient Kl shown in FIG. 9 is made variable, the 

pulse VD is inputted, the microcomputer 39 reads a peak gamma characteristic varies within the range of the inputs 0 

level from the peak detector 38 in Step 103. Tnen, in Step to x 1 and within the range of the outputs 0 to y lf as shown 

104, on the basis of the value of the read peak level, b 2 is 60 in FIG. 10. In this case, the gamma characteristic curve 

found from the table shown in FIG. 7(b). In Step 105, C 3 and varies in such a manner as to necessarily pass through the 

e 3 are found by using Equations 12 and 13, and, in Step 106, point (0, 0) and the point (x lf y 1 ). If the coefficient Kl is set 

the obtained b 2 , % and 63 are respectively written into the to a predetermined value, a standard gamma characteristic 

registers 46, 49 and 55. The flow returns to Step 102. (y«x ) is obtained. As Kl is made larger, the curvature of 

Incidentally, in the second embodiment, the peak detector 65 the curve becomes larger as shown in FIG. 10, while as Kl 

38 may also use a maximum value detecting circuit and a is made smaller, the curve progressively approaches a 

minimum value detecting circuit to find the difference straight line. 
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~ ; -Also,rifvthe coefficient K2 shown in FIG. 9 is made. , 12(c) shows the combined input-output.characteristic of/the 

variable, the gamma characteristic varies within the range of function circuit 313 and the multiplier 314. The character- 

the inputs x 1 tox 2 and within the range of the outputs y x and istic varies within the range of 0 to Xj in accordance with the 

Y2, as shown in FIG. 10. In this case, the gamma charac- coefficient Kl and within the range olx 1 \ox 2 in accordance 

teristic curve varies in such a manner as to necessarily pass 5 with the coefficient K2. By adding together the output 

through the point (x u y^). If the coefficient K2 is set to a characteristic shown in FIG. 12(c) and the characteristics of 

predetermined value, the curve becomes a straight line the switch 310 and the coefficient multiplier 311 shown in 

which passes through the point (x^, yj. As K2 is made FIG. 12(a), the input-output characteristic of FIG. 10 is 

larger, the inclination of the curve becomes larger, while as obtained. 

K2 is made smaller, the inclination becomes smaller. If the 10 FIG. 13 is a detailed block diagram of the function circuit 

value of y is larger than y 2 , the curve is clipped at y 2 . 313 shown in FIG. U. The function circuit 313 includes a 

FIG. 11 is a detailed block diagram of the gamma circuit subtracter 401, switches 402, 407, 410 and 414 which are 

305 shown in FIG. 9. The gamma circuit 305 includes a switchable by the control signal S2, decoders 403, 404, 405, 

switch 310 responsive to a control signal SI for performing 408, 409, 411, 415, 416 and 417 for outputting values a a , a^, 

switching between a path along which to pass an input signal 15 a 3 , b l9 b z , b 3 , c lf and C3, respectively, adders 406 and 413, 

and a path along which to output a predetermined value x 19 and a multiplier 412. 

a coefficient multiplier 311 for multiplying the input signal In operation, when an input signal is supplied to the 

by a predetermined coefficient u-yj/x^ an adder 312, a subtracter 401, the switch 402 selects any one value from the 

function circuit 313 for generating a function according to a values a lt and ^ in accordance with the control signal S2, 

control signal S2, a multiplier 314, a comparator 315 for 20 and the selected value is subtracted from the input signal in 

comparing the input signal with a predetermined value and the subtracter 401. The output signal of the subtracter 401 is 

outputting the predetermined control signals SI and S2 supplied to the adder 406, in which either one of the values 

according to the comparison result, a switch 316 for per- b x , and b 2 which has been selected by the switch 407 is 

forming switching in accordance with the control signal SI, added to the signal. The switch 410 selects either one of the 

and registers 317 and 318 for holding the values of the 25 output signal of the adder 406 and the value b 3 , and the 

respective coefficients Kl and K2. selected one is multiplied by the output signal of the 

In operation, an input signal is first compared with the subtracter 401 in the multiplier 412. In the adder 413, the 

predetermined value by the comparator 315, and the com- output signal of the multiplier 412 is added to any one of the 

parator 315 outputs the control signal SI to the switches 310 values Cj, c^ and C 3 which has been selected by the switch 

and 316 and the control signal S2 to the function circuit 313 30 414. The addition result is outputted from the adder 413. 

in accordance with the comparison result. If Sl-0, the input FIG. 14 is an explanatory view of the operation of the 

signal passes through the switch 310 and is multiplied by the function circuit 313 shown in FIG. 13. As shown in FIG. 14, 

predetermined value u by the coefficient multiplier 311, and the characteristic shown in FIG. 12(b) is divided into three 

the output signal of the coefficient multiplier 311 is applied ranges of 0 to x 3 , X3 to x A and x a to x 2 , and the aforemen- 

to one input of the adder 312. Also, according to the input 35 tioned comparator 315 generates the control signal S2 which 

signal, a predetermined function is generated by the function satisfies the following relationships: 

circuit 313, and in the multiplier 314 the value of the 0=x<x 3 -»S2~1 

predetermined function is multiplied by the coefficient Kl ^x<x<x — »S2**2 

selected by the switch 316. The output signal of the multi- 3 ~ 1 

plier 314 is added to the output signal of the coefficient 40 * 1=x . Jt _ . . 

multiplier 311 in the adder 312, and the addition result is ^ range of 0 to x 3 is represented by a first quadratic curve 

outputted from the adder 312. CU: 

If Sl-1, the predetermined value x 1 is outputted from the ^(r^jx ((r-aj+bjfcj 
switch 310 and is multiplied by the predetermined value u by 

the coefficient multiplier 311. The multiplication result is 45 The range of X3 to x ± is represented by a second quadratic 

supplied to the adder 312 as y a . Also, in the multiplier 314, curve C12: 
the output signal of the function circuit 313 is multiplied by 

the coefficient K2 selected by the switch 316. The multipli- J^^tt^+Wi 

cation result is added to y t in the adder312, and the addition xhe range of x a to x^ is represented by a straight line C2: 

result is outputted from the adder 312. 50 

FIGS. 12(a), 12(6) and 12(c) are explanatory views of the y-Ct-a^xfy^ 

operationo^ Itispreferabletoselecteachofmeabovecoefficientssothat 

the required gamma characteristic can be approximated 

as being divided into straight lines L and L and curves , ?. r „ . .... rr 

° °^ . 1 * linnp.r the. fnllnunncr nnnnitinnQ* 

(hatched parts) CI and C2. In this case, 55 


under the following conditions: 
Cll: Passes through (0, 0). 
Ky-tyjxfr-ux (0£x ^cj C12: Passes through (x lf 0). 


Takes the same value as Cll at x 3 . 
Takes the same differential coefficient as Cll at x 3 
The straight lines l a and 1 2 are connected to each other at the 60 (smoothly joins to Cll). 

point (x A , yj. The straight lines \ x and 1^ are each created by C2 : Passes through (x lt 0). 

the comparator 315, the switch 310 and the coefficient By using the thus-obtained individual coefficients in the 
multiplier 311. Also, the values of the respective curves CI circuit of FIG. 13, it is possible to provide the function 
and C2 are "0" at the points of x«0 and x~x ± . FIG. 12(6) circuit 313 having the characteristic of FIG. 12(6). 
shows only the curves CI and C2 taken from FIG. 12(a). 65 FIG. 15 is a functional block diagram schematically 
The characteristic of the function circuit 313 is selected so showing a fourth embodiment of the image pickup apparatus 
as to generate the characteristic shown in FIG. 12(b). FIG. according to the present invention. 
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- t t. ; . The*arrangement. shown in FIG; 15. includes a^CCD 501. -inputted, to the comparator 602. The icomparatoc. 6024 com- ^ ..^ .ia j^i^^t.^v 

which serves as an image sensor, a sample-and-hold circuit pares the signal x inputted via the input terminal 601 with 

502 for converting the output signal of the CCD 501 into a each of the values M12, M13, M14 and M15 inputted to the 

continuous signal, an A/D converter 503, a low-pass filter respective reference inputs Rl, R2, R3 and R4, and gener- 

504 for forming a luminance signal, a gamma correction 5 ates a comparison output signal SC. The switch circuits 610, 

circuit 505, a clipping circuit 506 for clipping black and 616, 622, 624, 636 and 637 switch in accordance with the 

white levels, a sync signal adder 507, a D/A converter 508, comparison output signal SC. For example, if the input 

a video signal output terminal 509, a switch 510 for gener- signal I is smaller than the input value M12 at the reference 

ating a selecting signal SW for selecting a gamma input Rl, the comparator 602 generates SC-1, whereby each 

characteristic, and a gamma controlling circuit 511 for 10 of the switch circuits 610, 616, 622, 624, 636 and 637 

generating a control signal MW for controlling a gamma switches to its position "1". If the input signal I is greater 

characteristic, the gamma controlling circuit 511 being made than the input value Ml 2 at the reference input Rl and is 

up of a microcomputer and associated elements. smaller than the input value M13 at the reference input R2, 

In operation, a subject image (not shown) is formed on the the comparator 602 generates SC-2, whereby each of the 

photoelectric conversion surface of the CCD 501 by a 15 switch circuits 610, 616, 622, 624, 636 and 637 switches to 

photographic optical system (not shown), and is photoclec- its position "2**. 

trically converted into a picked-up image signal. The output The input signal x is also inputted to the subtracter 609, 

signal of the CCD 501 is converted into a continuous signal in which any one value of the predetermined values Mil 

by the sample-and-hold circuit 502, and the continuous through M15 which has been selected by the switch circuit 

signal is converted into a digital picked-up image signal by 20 610 in accordance with the signal SC is subtracted from the 

the A/D converter 503. input signal x. The output signal of the subtractor 609 is first 

This digital picked-up image signal is converted into a multiplied by the predetermined coefficients Kll through 

luminance signal by the low-pass filter 504, and the output K15 in the respective coefficient multipliers 611 through 

signal of the low-pass filter 504 is subjected to gamma 615. Any one signal is selected from the output signals of the 

correction according to the control signal MW for control- 25 respective coefficient multipliers 611 through 615 by the 

ling a gamma characteristic which will be described later, in switch circuit 616 in accordance with the signal SC. The 

the gamma correction circuit 505. The output signal of the output signal of the switch circuit 616 is inputted to the 

gamma correction circuit 505 is supplied to the clipping multiplier 630. The output signal of the subtractor 609 is also 

circuit 506, in which the levels of the output signal which are multiplied by the predetermined coefficients K21 through 

lower than a predetermined value or the levels of the output 30 K25 by the respective coefficient multipliers 617 through 

signal which are higher than a predetermined value are 621. Any one signal is selected from the output signals of the 

clipped. A sync signal is added to the output signal of the respective coefficient multipliers 617 through 621 by the 

clipping circuit 506 by the sync signal adder 507, thereby switch circuit 622 in accordance with the signal SC. In the 

forming a digital video signal. The digital video signal is subtractor 623, the selected signal is subtracted from anyone 

converted into an analog video signal by the D/A converter 35 value which has been selected from the values M21 through 

508. The analog video signal is outputted vie the video M25 held in the respective memories 625 through 629 by the 

signal output terminal 509 to external equipment (not switch circuit 624 in accordance with the signal SC. The 

shown) such as a television set or a VTR. The switch 510 signal output of the subtractor 623 is applied to the other 

generates the selecting signal SW for a gamma characteristic input of the multiplier 630. 

in accordance with a position selected by an operator, and 40 The multiplier 630 multiplies the signal inputted from the 

the gamma controlling circuit 511 generates the control switch circuit 616 by the output signal of the subtractor 623. 

signal MW for controlling the gamma characteristic in The output signal of the multiplier 630 is multiplied by the 

accordance with the selecting signal SW, whereby the char- predetermined coefficients K31 through K35 by the respec- 

acteristic of the gamma correction circuit 505 is varied as tive coefficient multipliers 631 through 635. Any one signal 

described above. 45 is selected from the output signals of the respective coeffi- 

FIG. 16 is a detailed diagram of the gamma correction cient multipliers 631 through 635 by the switch circuit 636 

circuit 505 shown in FIG. 15. in accordance with the signal SC. The output signal of the 

The gamma correction circuit 505 includes a signal input switch circuit 636 is, in the adder 643, added to any one 

terminal 601, a comparator 602 for comparing an signal value which has been selected from the values M31 through 

input 1 with reference values inputted to individual reference 50 M35 held in the respective memories 638 through 642 by the 

inputs Rl, R2, R3 and R4 and outputting the comparison switch circuit 637 in accordance with the signal SC. The 

result, memories 603, 604, 605, 606 and 607 which hold output signal of the adder 643 is inputted via the output 

predetermined values Mil, M12, M13, M14 and M15, an terminal 644 to the clipping circuit 506 as described below, 

input terminal 608 for input of the gamma characteristic In the meantime, when the gamma characteristic control 

control signal MW, subtracters 609 and 623, switch circuits 55 signal MW is inputted via the input terminal 608 for input 

610, 616, 622, 624, 636 and 637, coefficient multipliers 611, of the gamma characteristic control signal MW, the values 

612, 613, 614, 615, 617, 618, 619, 620, 621, 631, 632, 633, held in the respective memories 625, 626, 627, 628, 629, 

634 and 635 which respectively have coefficients Kll, K12, 638, 639, 640, 641 and 642 are rewritten according to the 

K13, K14, K15, K21, K22, K23, K24, K25, K31, K32, K33, value of the gamma characteristic control signal MW. 

K34 and K35, memories 625, 626, 627, 628, 629, 638, 639, 60 FIGS. 17(a), 17(/>)and 17(c) are explanatory views of the 

640, 641 and 642 which respectively hold values M21 , M22, operation of the gamma correction circuit 505 shown in FIG. 

M23, M24, M25, M31, M32, M33, M34 and M35 each of 15, which is used in the fourth embodiment of the present 

which is writable by the control signal MW, a multiplier 630, invention. 

an adder 643, and a signal output terminal 644. FIG. 17(a) shows the input-output characteristic of the 

As described previously, the luminance signal outputted 65 gamma correction circuit 505. As shown in FIG. 17(a), the 

from the low-pass filter 504 is inputted via the signal input input-output characteristic consists of a combination of five 

terminal 601 as an input signal x. The input signal x is first curves A to £ on the basis of the values M12 to Ml 5 held 
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(inihe. respective, memories 604 to 607 shown in FIG 16 *For ju- j t The^aforementioned M21^todM25^ and .M3 1. jto * M35- for v 
each of the intervals, the signal SC takes any one value from each of the curves can be determined in the following 
the values of 1 to 5 in the above-described manner. The manner. 

switch circuits 610, 616, 622, 624, 636 and 637 perform To determine, for example, the curve (1), M21 and M31 
switching according to the value of the signal SC, whereby 5 are first found from Equations 3 and 4: 


the characteristics of the respective curves vary. If the 
characteristic of an n-th curve is denoted by yn(x), compu- 


AT31-0 (13) 


tation performed by the gamma correction circuit 505 show mi-GijKiVKii (12) 
in FIG. 16 is represented as the quadratic equation: 

10 These M21 and M31 are respectively employed to find 

yrt(xH(x-mnyKU*[-(^l^yK3n)YK3n^M3n (l) sequentially M22 to M25 and M32 to M35 from Equations 

. „ . A 4 . . » « . . o/"* Tt 9 and 10, whereby the value of each of the memories for the 

In Equation 1, n represents the value of the signal SC. By characteristic of ^ ^ (1) caQ ta obtaine(L , n ^ ^ 

mZT ^ * ^ eveniftheleftandrightsidesofeachofEquationsQandlO 

15 do not completely coincide, there is no substantial problem 
y n\x)^n*M2»*iOn-i*(x-Mbi)*K\n*K2n*ian (2) as far as the amount of discrepancy therebetween is within 

a visually allowable range. For example, in the case of 
For x-Mln, Equation 9, if an error is not greater than approximately 

0.4% of a gamma-corrected output signal, there is no 
yn(Min)-M3n (3) 20 substantial problem in visual terms. In the case of Equation 

rfifeHOi. WftrtO. (4) 10, because of its slightly wider allowable range, there is no 

problem as far as an error is not greater than approximately 
For x-Ml(n+l), 10% of a gamma-corrected output signal. Accordingly, it 

suffices to find the respective values of the memories while 
y«(Afi (n+l ))={ (Afl (m> l )-Afin) *K\n * (- (Afi («+ 1)- Afi n) m K2n+ 25 taking such errors into account, so as to cause a gamma 
M2n)YK3n+Af3n (5) correction characteristic to coincide with an appropriate 

yn\x)-mn*Nr2n*KS^2*{Mi{n+iymn) *Km*K2n**Qn (6) characteristic as accurately as possible. 

The thus-obtained values are written into a ROM mcor- 
^ In the gamma correction characteristic shown in FIG. porated in the gamma controlling circuit 511. The above- 
17(a), to prevent occurrence of a degradation in image 30 described gamma correction characteristic can be obtained 
quality, the n-th curve and the (n+l)-th curve must be by writing the values into each of the memories in accor- 
smoothly joined together. The conditions required to realize dance with the selecting signal SW outputted from the 
such smooth connection at the connection part x-Ml(n+l) switch 510. 

are as follows: FIG. 18 is a flowchart showing the operation of gamma 

~' 35 controlling circuit 511 which is formed by, for example, a 

yr^MX {n+\))^ym-\ (AH (n+1)) (7) microcomputer. 

The flow starts in Step 701, and a selecting signal SW is 
read in Step 702. In Step 703, the values M21 to M35 


j>i(Ml(»4-l))-y >»+l(Afl (m-1)) (8) 


These conditions are shown in FIG. 17(b). according to the read SW are found through the computa- 

To satisfy the conditions, the following equations are 40 tions of Equations 11, 12, 9 and 10 by using a gain G close 

obtained from Equations 3, 4, 5 and 6: to 0 according to SW, or calculated values, which are 

beforehand written in a ROM incorporated in the 

[(Mi(/H-i)-An«)'jart*(-(Mi(it+i) -Jtfirt>jc2«+Af2«)lv3«+ microcomputer, are read out according to SW and the read 

W3rt-M3</t+i) (9) values are outputted as a gamma characteristic control signal 

m *.« ™ ^ »„ ^ M , 45 MW. The thus-obtained values M21 to M35 are written into 

i)*jW2(/H>i)*/a(fM-i) (10) mc memories 625 to 629 and 638 to 642 in the previously- 
described manner. Then, in Step 704, SW0-SW is set and, 

From Equations 9 and 10, it can be seen that a curve in Step 705, SW is again read. In Step 708, SW is compared 

yn+l(x) which smoothly joins to an arbitrary curve yn(x) with SW0. If SW-SW0, the process returns to Step 705, and 

can be obtained by varying only M2(n+1) and M3(n+1) in so Steps 705 and 706 are again executed. If it is determined in 

the computational processing of FIG. 16. Step 706 that SW is not equal to SW0, the process returns 

FIG. 17(c) shows input-output characteristics obtainable to Step 703, in which the values M21 to M35 are found 

when the gamma correction characteristic is made variable. according to SW, which was again read in Step 705, and 

In general, if the gamma correction characteristic is made outputted as MW. Then, Step 704 and the following steps are 

variable, the characteristic of an input signal in the neigh- 55 executed. 

borhood of 0 becomes most important If the effect of FIG. 19 is a detailed diagram of a second example of the 

gamma correction is to be reduced, the gain in the neigh- gamma correction circuit 505. In FIG. 19, the same refer- 

borhood of 0 is made closer to 1, whereas if the effect of ence numerals are used to denote portions identical to or 

gamma correction is to be increased, the gain in the neigh- equivalent to those shown in FIG. 16. An input signal is 

borhood of 0 is increased. In FIG. 17(c), (1) denotes a curve 60 processed in a manner similar to that described above with 

which is obtained when the effect of gamma correction is reference to FIG. 16, whereby a gamma-corrected output 

made greater than a standard level, (2) denotes a standard signal y is formed. Also, values according to a gamma 

curve, and (3) denotes a curve which is obtained when the correction control signal MW which is inputted through the 

effect of gamma correction is made smaller than the standard input terminal 608 are respectively written into and held in 

level. Gl, G2 and G3 denote the inclinations of the respec- 65 the memories 603 to 607, 625 to 629 and 638 to 642. 

tive curves (1), (2) and (3) in the neighborhood of 0 and Accordingly it is possible to vary the values Mil to M15 in 

satisfy the condition of G1>G2>G3. addition to the values which are variable in the example 
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u:*.,u* muftis ^J/m j/ h -.shown in FIG. : 16.. With thisxarraDgement^it is possible ito * i.v. ThearrangementiShownnrsFIG. 20 .-includes a- CCD 801 » 

widen the range of variation of a gamma correction char- which serves a s an image sensor, a sample- and-hold circuit 

acteristic to a further extent. In the arrangement shown in 802 for converting the output signal of the CCD 801 into a 

FIG. 16, if the M gamma correction characteristic is greatly continuous signal, an amplifier 803 the gain of which can be 

varied with Mil to M15 fixed, the required characteristic 5 varied in accordance with a gain variation control input, a 

may not be obtained or the multiplier 630 may overflow. For memory 804 for memorizing a gain control value Gl, an 

this reason, the example shown in FIG. 19 is arranged in M> m converter 805, a low-pass filter 806 for forming a 

such a manner that the values Mil to M15 can vary with J™noe signal, an adder 807, a memory 808 for holding 

a value LI, a gamma correction circuit 809, an adder 810, a 

In the above-described fourth embodiment, since the ,o memor y f h ° 1 * n 8 a val " e % a TT^EV 

«- . . lt . ♦ . a . «c memory 813 for holdmg a value G2, a limiter 814 for 

coefficient multipliers 611 to 615 617 to 621 and 631 to 635 * ^ ^ ^ ^ ^ a D/Aconverter 815 , 

are inserted to prevent the multiplier 630 from overflowing, a tag ^ skm ^ output ^nomai 816, and a switch 817 for 

the values of the respective coefficient multipliers may be generating a memory control signal S for controlling the 

arranged in the form of two to the n-th power, such as "1", vahlcs of ^ ^^^6 memories 804, 808, 811 and 813. 

"2", "3", "4" or "8", or in the form of a combination of is I D operation, a subject image (not shown) is formed on the 

approximately two or three numbers selected from these image sensing surface of the CCD 801 and photoelectrically 

numbers. Accordingly, an extremely simple arrangement converted into a picked-up image signal. The picked-up 

can be adopted. Further, in this arrangement, since it is image signal outputted from the CCD 801 is converted into 

possible to effectively utilize the dynamic range of the a continuous signal by the sample-and-hold circuit 802. The 

multiplier 630 having a large circuit scale, it is possible to 20 output signal of the sample-and-hold circuit 802 is amplified 

reduce the number of input and output bits of the multiplier by the amplifier 803 by using a gain according to the value 

630 and hence the circuit scale thereof. Accordingly, it is Gl held in the memory 804. The output signal of the 

possible to prevent the multiplier 630 from producing an amplifier 803 is converted into a digital picked-up image 

error due to a cancellation of significant digits. If another signal by the AID converter 805. 

arrangement including a multiplier having a fully large 25 This digital picked-up image signal is converted into a 

dynamic range is adopted, part or the whole of the coefficient luminance signal by the low-pass filter 806, and the output 

multipliers shown in FIG. 16 or 19 can be omitted. luminance signal of the low-pass filter 806 is applied to the 

Although FIGS. 17(d), 17(b) and 17(c) show the gamma adder 807. In the adder 807, the value LI held in the memory 

correction characteristic corresponding to the 0 to 100% 808 is added to the luminance signal. The output signal of 

range of an input, a characteristic corresponding to 100% or 30 the adder 807 is subjected to gamma correction in the 

more of an input, which is called knee characteristic, can be gamma correction circuit 809, and the output signal of the 

similarly realized. In this case, it is possible to adopt an gamma correction circuit 809 is applied to the adder 810. In 

arrangement in which the knee characteristic is varied the adder 810, the value L2 held in the memory 811 is added 

according to SW on the basis of the settings of the values to the applied signal, and in the multiplier 812 the output 

Mil to M35 of the respective memories, or it is also possible 35 signal of the adder 810 is multiplied by the value G2 fceld in 

to adopt an arrangement in which the knee characteristic the memory 813. The output signal of the multiplier 812 is 

does not greatly vary even if SW is varied. supplied to the limiter 814, in which the levels of the output 

The above-described fourth embodiment is arranged in signal which are lower than a predetermined value or the 

such a manner that the gamma correction characteristic is levels of the output signal which are higher than a prede- 

formed by the five curves. However, this arrangement is not 40 termined value are limited. Hie output signal of the limiter 

to be construed as a limiting example. For example, it is 814 is converted from digital to analog by the DIA converter 

possible to adopt an arrangement in which the gamma 815, and the analog video signal is outputted via the output 

correction characteristic is formed by switching two or more terminal 816 to external equipment (not shown) such as a 

arbitrary curves. television set or a VTR. The switch 817 generates the 

Hie above-described fourth embodiment is also arranged 45 memory control signal S in accordance with a position 

in such a manner that values are written into the memories selected by an operator, thereby controlling th e memories 

603 to 607, 625 to 629 and 638 to 642 in accordance with 804, 808, 811 and 813 to vary the respective values held in 

the gamma characteristic control signal MW. However, it is them. By varying the respective values of the memories 804, 

also possible to adopt an arrangement which has memories 808, 811 and 813, the gamma correction characteristic can 

in which a plurality of predetermined values are beforehand 50 be varied through the overall processing performed in the 

written. In this arrangement, any one selected from the entire apparatus as will be described later, 

predetermined values is outputted from each of the memo- Each of the memories 804, 808, 811 and 813 may be 

ries in accordance with the gamma characteristic control formed by a ROM in which predetermined values are 

signal MW. written, and any one selected from the predetermined values 

Although in the above-described fourth embodiment the 55 may be outputted from each of the memories 804, 808, 811 

function expressed as Equation 1 is realized as a gamma and 813 in accordance with the memory control signal S. 

curve, this function is not to be construed as a limiting Otherwise, each of the memories 804, 808, 811 and 813 may 

example. For example, various functions having different be formed by a RAM, and any one selected from the values 

characteristic curves of upward convex form may be memorized in another memory may be written into each of 

prepared, and a gamma curve may be formed by switching 60 the memories 804, 808, 811 and 813 in accordance with the 

the various functions. In this case, by varying constants in memory control signal S. 

the functions so that Equations 7 and 8 can be valid at the The gamma correction characteristic can be varied far 

connection points of the functions, it is possible to realize a more finely or continuously. To realize this operation, it is 

gamma correction circuit of variable characteristic accord- only necessary to construct the switch 817 of a potentiom- 

ing to the present invention. 65 eter or an up-down switch and an up-down counter. The 

FIG. 20 is a block diagram schematically showing a fifth operator can operate the switch 817 to adjust the gamma 

embodiment of the present invention. correction characteristic to the desired characteristic. 
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a. c^FIGS.v 21(a); and ;21(6)t are sexplanatoryn views ( oL the,c l (y4-y3) to become ((100% .white:level)-(blackilevel))sat the v 

operation of the fifth embodiment. output terminal 816. In this arrangement, the black level of 

FIG. 21(a) shows the input-output characteristic of the the output signal of the CCD 801 passes through the point 

gamma correction circuit 809, The characteristic of the (x3, y3) shown in FIG. 21(a) and constitutes the black level 

gamma correction circuit 809 is set so that, by using a part 5 at the output terminal 816, whereas the 100% white level of 

B-D, it is possible to obtain a gamma correction character- the output signal of the CCD 801 passes through the point 

istic which is in a normal state. Also, by using a part A-D, (x4, y4) shown in FIG. 21(a) and constitutes the 100% white 

it is possible to obtain a gamma correction characteristic level at the output terminal 816. Accordingly, as described 

which provides a larger amount of gamma correction than in above, by using the characteristic of the part C-D, it is 

the normal state: That is to say the gain in the neighborhood 10 possible to obtain the gamma correction characteristic which 

of a black level is higher than in the normal state, while the provides a smaller amount of gamma correction than in the 

gain in the neighborhood of a white level is lower than in the normal state . 

normal state. Also, by using a part C-D, it is possible to In general, in FIG. 21(a), if x represents the black level of 

obtain a gamma correction characteristic which provides a an input signal, as x becomes larger, the amount of gamma 

smaller amount of gamma correction than in the normal 15 correction becomes smaller, while as x becomes smaller, the 

state: That is to say the gain in the neighborhood of a black amount of gamma correction becomes larger. To determine 

level is lower than in the normal state, while the gain in the the values LI, L2 and G2 and the value of the gain K of the 

neighborhood of a white level is higher than in the normal amplifier 803 with respect to a specific x, the following 

state. Also, a part D-E constitutes a knee characteristic equations are employed: 

which is a compression characteristic for a high luminance 20 

level. K- g i*(x4-xy(x4-*2) 

If the gamma correction characteristic in the normal state LlmX 
is to be obtained, the gain control value Gl is set to a value 

which provides a gain Kl which enables ((100% white 12 — /W 

level)-(black level)) at the output terminal of the CCD 801 25 <?2-(/(je4)-Xx2)y(^x4)-/(x))*^2 
to become (x4-x2) at the input of the gamma correction 

circuit 809. Further, the value Li is set to x2, the value L2 where the function f(x) represents the input-output charac- 

is set to -y2, and the value G2 is set to a value which enables teristic of the gamma correction circuit 809, x2 represents 

(y4-y2) to become ((100% white level)-(black level)) at the the black level of the input signal which is in a standard 

output terminal 816. In this arrangement, the black level of 30 state, x4 represents the 100% white level of the input signal 

the output signal of the CCD 801 passes through the point which is in the standard state, and g2 represents the value of 

(x2, y2) shown in FIG. 21(a) and constitutes the black level G2. It is assumed here that the gain of the amplifier 803 at 

at the output terminal 816, whereas the 100% white level of this time is set to Kl. 

the output signal of the CCD 801 passes through the point Accordingly, to vary the gamma correction characteristic 

(x4, y4) shown in FIG. 21(a) and constitutes the 100% white 35 continuously in the above-described manner, it is only 

level at the output terminal 816. Accordingly, as described necessary to vary the values of K, LI, L2 and G2 while using 

above, by using the characteristic of the part B-D, it is x as a parameter in accordance with the above equations, 

possible to obtain the gamma correction characteristic which FIG. 21(b) shows the gamma correction characteristics 

is in the normal state. obtained through the above-described overall processing 

If the gamma correction characteristic which provides a 40 performed in the entire apparatus. The horizontal axis rep- 
larger amount of gamma correction than in the normal state resents the output of the CCD 801, while the vertical axis 
is to be obtained, the gain control value Gl is set to a value represents the output of the D/A converter 815. In FIG. 
which provides a gain K2 which enables ((100% white 21(£>), the curve F indicates the gamma correction charac- 
level)-(black level)) at the output terminal of the CCD 801 teristic which provides the smaller amount of correction than 
to become (x4-xl) at the input of the gamma correction 45 in the normal state, the curve G indicates the gamma 
circuit 809. Further, the value Llis set to xl, the value L2 is correction characteristic which is in the normal state, and the 
set to -yl, and the value G2 is set to a value which enables curve H indicates the gamma correction characteristic which 
(y4-yl) to become ((100% white level) (black level)) at the provides the larger amount of correction than in the normal 
output terminal 816. In this arrangement, the black level of state. x6 indicates the output value of the CCD 801 at the 
the output signal of the CCD 801 passes through the point 50 100% white level, and x7 indicates the output value of the 
(xl, yl) shown in FIG. 21(a) and constitutes the black level CCD 801 at the saturation level thereof. As described above, 
at the output terminal 816, whereas the 100% white level of in the part between x6 and x7, each of the characteristic 
the output signal of the CCD 801 passes through the point curves takes the form of the knee characteristic. As can be 
(x4, y4)shown in FIG. 21(a) and constitutes the 100% white seen from FIG. 21(b), the gamma characteristic in the range 
level at the output terminal 816. Accordingly, as described 55 between the black level and the 100% white level can be 
above, by using the characteristic of the part A-D, it is varied by varying the values of Gl, LI, L2 and G2, whereas 
possible to obtain the gamma correction characteristic which the knee characteristic part in the range above the 100% 
provides a larger amount of gamma correction than in the white level does not substantially vary even if the gamma 
normal state. characteristic is varied. 

If the gamma correction characteristic which provides a 60 In the output range of the gamma correction circuit 809, 

smaller amount of gamma correction than in the normal state an actually usable range may occasionally become narrow as 

is to be obtained, the gain control value Gl is set to a value shown in FIG. 21(a). This characteristic degradation due to 

which provides a gain K3 which enables ((100% white a cancellation of significant bits occurring during gamma 

levet)-(black level)) at the output terminal of the CCD 801 correction can be suppressed by preparing the gamma cor- 

to become (x4-x3) at the input of the gamma correction 65 rection circuit 809 which is arranged to provide an output 

circuit 809. Further, the value LI is set to x3, the value L2 having a resolution of (n+a) bits ("n" represents the number 

is set to -y3, and the value G2 is set to a value which enables of unit bits which are used for conversion performed by the 
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^D/AcoovertenSlS and "a" -is approximatelyilT-3).-As>can berj ^-u -Also, since-it is possiblentOiform ,the t circuit v as^an* inte- * < u • w^ckih^ » 

seen from FIG. 21(a), if a signal of level lower than a black grated circuit of reduced chip size, a reduction in manufac- 

level enters the gamma correction circuit 809 owing to noise hiring cost can be achieved. Also, since a non-linear 

or the like, a signal whose level is lower than the black level characteristic, such as a gamma characteristic or a knee 

may be outputted from the apparatus. In the opposite case, 5 characteristic, can be finely varied according to the condi- 

an excessively large output may be produced. The limiter $ ons of a subject or the state of photography it is possible to 

814 is provided for preventing occurrence of such a prob- perform photography in an optimum state at all times. 

l em * Further, since a gamma characteristic and a knee character- 

Hie multiplier 812 and the memory 813 can also be used ^ Cftn be realized b a sin ^ e drcuit> me required circuit 

for other purposes. For example, they can be used for 10 scaJc ^ ^ rcduced 
adjusting a signal level or effecting the fade function of 

varying a signal with time. In accordance with the above-described embodiments of 

The amplifier 803 can also be used in combination with an me present invention, it is possible to vary a non-linear 

automatic gain control amplifier arranged to raise the gain of correction characteristic by means of a simple arrangement, 

the amplifier 803 when a subject of low illuminance is 15 so that the non-linear correction characteristic can be varied 

photographed. In this case, it is also possible to adopt an according to the state of photography or the condition of a 

arrangement in which the gain of the amplifier 803 can be subject to be photographed. Among others, it is possible to 

varied by inputting the output signal of the memory 804 to vary the non-linear correction characteristic over a wide 

a reference voltage terminal of the automatic gain control range by varying constants for use in addition and subtrac- 

amplifier. 20 tion without varying a coefficient term, and, in addition, no 

The above-described embodiment is arranged so that its ROM table is needed and only one multiplier having a large 

non-linear correction characteristic can be set to either a circuit scale is used. Accordingly it is possible to achieve a 

correction characteristic which provides a larger amount of largc variation effect without an increase in circuit scale. 

correction than a normal-state correction characteristic or a r . , ^ . , „ , _ , ^ . 

. , _^ . t . , . , n 4 c _ Further, in accordance with the above-described embodi- 

correction characteristic which provides a smaller amount of 25 _ , * . n 

. if _ iL , t \ ^. . ^ . 4 . mentsof the present invention, since a gamma characteristic 

correction than the normal-state correction characteristic. _ « . ^ , t ^.k.^nt^iu, „o,„.™ 0 

„ - . . » i* •» j * can be varied without substantially varymg a knee 

However, the present invention is not limited to this • ^ _ , wrin ^- MTWW • . ' . A 

4 j ■ i t_i * j * * characteristic, no dynamic range is impaired, 

arrangement, and it is also possible to adopt an arrangement '. J . & r 

in which the non-linear correction characteristic can be set Wnat ^ chimed is: 

to either one of the former and latter correction character- 30 1 ^ P lcku P apparatus arranged to convert a 

istics. Although the above description has referred to the picked-up image signal from analog to digital and perform 

non-linear circuit having the gamma and knee signal processmg in a digital manner, comprising a gamma 

characteristics, the present invention can of course be circuit havin g a g amma *&° n m whicn a S amma charac- 

applied to a non-linear circuit having a non-linear correction teristic fe obtained by adding together a straight line passing 

characteristic other than the gamma and knee characteristics. 35 through an origin and a first curve and a knee region m 

As is apparent from the foregoing description, in accor- wnich a characteristic is obtained by addmg together a 

dance with the embodiments of the present invention, since prcdeterrmned value and a second curve 

it is possible to realize a non-linear circuit without using a 2 ^ ima g* P lcku P apparatus according to claim 1, 

ROM, it is possible to implement a non-linear circuit having whcrcin me firsl ™™ 18 obtaincd b ? multiplying a third 

a reduced circuit scale. Accordingly, it is possible to achieve 40 curve by a first coefficient and the second curve is obtained 

highly effectively a cost reduction, a reduction in the power b y multiplying a fourth curve by a second coefficient, each 

consumption of the apparatus and a reduction in the entire of ^ ^ coefficient and the second coefficient being 

size of the apparatus. variable. 

Also, since the value and inclination of each function 3 - ^ ima S e P lcku P apparatus according to claim 2, 

comda^wimtboseofmeadjacentnmctionateachto 45 wherein the third curve is formed by not less than one 

switching point, it is possible to realize the advantage of quadratic function and the fourth curve is a straight line, the 

preventing image degradation from occurring due to the mird and me fourth caIVC beb g each obtained by 

switching of the functions. varying a coefficient of one function circuit including a 

Further, since the number of bits at the input of the multiplier in accordance with an input level, 

multiplier may be smaller than the number of bits of an input 50 

signal, the circuit scale can be greatly reduced. * * * * * 
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